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Abstract
Seawater reverse osmosis (SWRO) desalination is being increasingly emphasized as a strategy for conservation of limited
resources of freshwater. Although desalination has been developed for the last few decades, the SWRO operation is still affected
by membrane fouling. The membrane fouling of SWRO has a significant impact on operation of desalination plants. We follow
the evolution of the permeate conductivity during three months of the sea water Corso (Algiers) plant desalination. The purpose
of this work is to conduct an autopsy of fouled membranes in seawater using the scanning electron microscopy (SEM) coupled
by an analysis EDX. This membrane shows a change of the surface morphology, which justifies the abrupt increase in the
conductivity of the permeate in May 2006. In order to identify the nature of the fouling deposit, we analysed this deposit by X-
rays diffraction (XRD).
© 2009 Elsevier B.V.
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1. Introduction
Desalination has become an important source of drinking water production. Desalination is a general term for the
process of removing salt from water to produce fresh water. With the development of the new membranes
polyamide working with high pressure [1], the reverse osmosis membranes are very much used in desalination of
sea water, and also for the reuse of urban and industrial wastewater. Reverse osmosis membrane technology has
developed over the past 40 years to a 44% share in world desalting production capacity, and an 80% share in the
total number of desalination plants installed worldwide. The use of membrane desalination has increased as
materials have improved and costs have decreased. Today, reverse osmosis membranes are the leading technology
for new desalination installations, and they are applied to a variety of salt water resources using tailored
pretreatment and membrane system design.
We study the evolution of the permeate conductivity during three months and in the second time, a test inside the
tube of pressure was realised in order to estimate the permeate quality in term of conductivity for each membrane. In
the third time, the analysis of membrane surface sample by scanning electron microscopy (SEM) coupled by an
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analysis elementary EDX in order to characterize the membrane surface and the analysis by X-rays diffraction
(DRX) to identify the deposits nature.
2. Description of the station
The present study was realised at Corso plant desalination located at 35 km of Algiers with a capacity day 5000
m3/d. Its system of reverse osmosis comprises only one die of six identical lines. Each line contains 11 tubes of
pressure in parallel, each tube of pressure shelters seven modules of membranes in spiral series polyamide of 216
mm diameter and length 1080 mm of the composite type SWC3, conceived and manufactured by the company
Hydranautics, with an active layer in polyamide. The maximum transmembrane pressure is equal to 70 bars, the
maximum feed water temperature is 45°C, the membrane pH lies between 3 and 10. In addition the reverse osmosis
membranes should not be exposed to the chlorine action, indeed the concentrations higher than 0,1 ppm can damage
them irreversibly[2].
3. Results and discussion
3.1. Performance evaluation of the treatment by reverse osmosis
3.1.1. Ionic composition of osmosed water
The following table gives the physico- chemical characteristics for the pretreated water and the osmosed water.
Table 1. Chemical analyses and physical characteristics of pretreated and osmosed water
Parameter Pretreated water Osmosed water
Turbidity , NTU 0,19 0,09
pH 7,43 7,87
Conductivity, μS/cm 57600 19800
Cl - , mg/L 21171 75 6
Ca2+ , mg/L 440 152
Mg2+ , mg/L 1344 463
HCO3 - , mg/L 142 41
SO42- , mg/L 2782 544
K+ , mg/L 332 120
Na+ , mg/L 10209 3532
NO2- , mg/L 0 0
NO3 - , mg/L 0,12 0,08
NH3+ , mg/L 0,13 0,01
TDS , mg/L 36088 13831
The results showed that the permeate conductivity of the osmosed water is high which can be explained by the
weak retention of the membrane, the percentage of total dissolved salts (TDS) estimated is equal to 84,6 % . It
shows that the reverse osmosis membranes of Corso plant do not retain the totality of the salts, so this percentage is
not in conformity with that envisaged initially by the supplier, which estimates the membranes retention used at
99,8%.
3. 1. 2. Evolution of the osmosed water conductivity
Fig.1 presents the follow-up of the conductivity during three months. The measurement of conductivity is operated
at the exit of each die of the reverse osmosis system.
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Fig. 1. Variation of the conductivity of the osmosed water according to time.
The conductivity started to increase to a value of 1000 μS/cm. Following this increase, a chemical cleaning of the
membranes was envisaged, this last made it possible to restore the low values of conductivity, but these values were
not maintained for a long time. An abrupt rise in conductivity in the third die was raised (1250 μS/cm) at February
16, 2006. This increase required an immediate procedure cleaning which did not make it possible to restore the
initial conductivity of permeate which obliged the personnel to stop this plant. A similar case was noticed by Roth et
al. [3] in their study of a production unit of ultrapure water, an increase in conductivity was observed after 8 months
of membranes regeneration. They considered that this increase is due to the malfunction of the pretreatment, which
makes inevitable the change of the reverse osmosis membranes. The role of the pretreatment process is to remove
turbidity, organics, inorganic, and colloid materials. Pretreatment is one of the most critical process for successful
operation of SWRO [4]. Fouling will lead higher operation costs (higher energy demand, increase of cleaning and
reduced lifetime of the membrane elements. An effective control of fouling requires a good diagnosis of the foulant
present [5]. Butt [6] identified various types of scales (CaCO3, SrSO4, CaSO4, Silica) that are responsible for
shortening the useful life span of the membrane in a commercial RO desalination plant.
3. 2. Test inside the tubes of pressure
This test permits to detect and to determine the defective membrane inside the pressure tube and to evaluate the
performance of the reverse osmosis system. We introduce a simple flexible pipe of polyamide graduated with 6 mm
diameter inside the tube. We notice that the graduations of this tube are mentioned starting from each distance
equivalent to half the length of the membrane including the connection. This pipe is inserted inside the tube to the
final stopper of the first membrane. For measuring conductivity for each distance, it is necessary to let run the
permeate during 15 seconds as illustrated on Fig. 2.
Fig. 2. Diagram of the test method inside the tubes of pressure.
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The results of measurement of the permeate conductivity for the various positions inside the tube of pressure are
presented on Fig. 3.
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Fig. 3. Evolution of conductivity according to the position of the pipe inside a tube of pressure
The Fig. 3 shows that the permeate conductivity is proportional to the position of the membrane inside tube of the
pipe. Indeed, it reveals a strongly progressive conductivity starting from the sixth membrane for all the tubes of
pressure and especially that associated the third tube of pressure where the values of conductivity are very high
exceeding 2000 μS/cm. These results permit to determine the defective membrane and locate at the third tube of
pressure.
3. 3. Evaluation of the state of the membranes
The performances of the reverse osmosis were also evaluated in term of characterization of the active surface of
used reverse osmosis membrane with the scanning electron microscopy (SEM) coupled to elementary analysis EDX,
as well as an analysis by X-rays diffraction of the fouling deposit. The SEM and XRD analyses show the bulk of
the deposits to be amorphous in nature.
3. 3. 1. Scanning electron microscopy of the membrane
The analyse by scanning electron microscopy (SEM) makes it possible to characterize the membrane surface
morphology and to identify the composition of the deposit fouling associated with the SEM coupled with the
elementary analysis.
The image of the membrane surface active layer obtained by the SEM (Fig. 4) shows the existence of
perforations on the membrane surface totality. It means that, the membrane active layer structure is completely
altered. This degradation can result with the passage from free chlorine during disinfection, of the chemicals used
during chemical cleaning, or with the biofilm formation on membrane surface. However, according to the results,
the assumption of "biofouling" by the micro-organisms is isolated. On the other hand, the possibility of degradation
by the chemicals can justify the membrane deterioration and the abrupt increase in conductivity, from where
increase in the ionic composition of the permeate.
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Fig. 4. Morphology of membrane surface by SEM)
Fig. 5. The Spectrum of the elements identified by EDX (b)
As for elementary analyzes by EDX, the spectrum of the Fig. (5), indicates the presence of several elements on
the membrane active surface, they are mainly composed of inorganic nature: carbon, oxygen, sodium, magnesium,
calcium, chlorides, silica, and in small proportions of sulphur, nickel and iron. Isnasious and Ayoub [7] autopsied a
sea water membrane from a commercial plant that had operated for 4 years on flocon-100 (an acrylic polymer).
They found that the scale was predominately silica.
3. 3. 2. Analyze of a fouling film
The diffraction with x-rays of the fouling deposit is another technique makes it possible so much to determine its
nature. We realized the analysis of this deposit by diffraction X (XRD), with a Philips diffractometer of x-ray, which
is used for the fouling identification and the quantification of minerals deposited on membrane surface.
The spectrum of the elements presented on Fig. 6, shows that the compounds most frequently found in the
fouling deposit are of mineral nature primarily constituted of calcium carbonate (calcite), magnesium carbonate
(gypsum), silica (SiO2) and a small proportion of iron oxide.
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Fig. 6. Analyze deposit fouling by X-rays diffraction (RDX)
4. Conclusion
The most important factors affecting the RO membrane process are membrane fouling/ scaling, resulting in a
higher operational cost. Membrane fouling/scaling causes a permeate flux decrease during constant operating
conditions. A noticeable permeate flux decline indicates that restoration of original permeability is scarcely possible;
and inevitably membranes need replacement at the Corso plant desalination after three years of working. The
degradation is caused by the attack of chlorine during disinfection. More especially as the membranes were clogged
by the precipitation of hard salts calcium, magnesium, iron. This is confirmed on the one hand, by the bad quality of
the osmosed water. In addition, the analysis with the SEM clearly shows a degradation of the membrane and the
presence of fouling deposit whose nature is mainly colloidal and inorganic type scaling.
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